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(54) Turbine nozzle with sloped film cooling 

(57) A turbine nozzle vane (18) includes pressure 
and suction sidewalls (26,28) extending between lead- 
ing and trailing edges (34,36). The vane includes a pair 
of integral ribs (38,40) defining three internal cooling 



channels (42-46) between the leading and trailing edg- 
es. Rows of film cooling holes (1 -13) extend through the 
sidewalls, and three rows (8-1 0) in the pressure side are 
inclined along the span of the airfoil at different slopes. 
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Description 

[0001] The present invention relates generally to gas turbine engines, and, more specifically, to turbine nozzles 
therein. 

5 [0002] In a gas turbine engine, air is pressurized in a compressor and mixed with fuel and ignited in a combustor for 
generating hot combustion gases. The gases are discharged through a first stage high pressure turbine nozzle having 
stator vanes which direct the gases toward a row of turbine rotor blades extending radially outwardly from a supporting 
disk. 

[0003] The turbine blades extract energy from the combustion gases and power the compressor. The gases are then 
10 channeled to a low pressure turbine typically having several stages of nozzle vanes and rotor blades which extract 
additional energy from the gases for producing output work such as powering a fan in a turbofan aircraft engine em- 
bodiment. 

[0004] Since the high pressure turbine nozzle firstly receives the combustion gases from the combustor, it must be 
cooled for enjoying a suitable useful life. A typical turbine nozzle includes a row of airfoil vanes circumferentially spaced 

15 apart from each other and extending radially in span between outer and inner annular bands. The vanes are hollow 
for receiving therein a portion of compressor discharge air used for cooling the individual vanes. 
[0005] Internal cooling channels are defined in each vane by corresponding radially extending ribs or partitions which 
integrally join together the circumferentially opposite pressure and suction sides of the vane. The inner surfaces of the 
vanes may include short turbulators which trip the cooling air flowing thereover during operation for enhancing heat 

20 transfer cooling therefrom. 

[0006] In order to protect the external surface of the vanes from the hot combustion gases flowing thereover, various 
radial rows of film cooling holes are provided through the pressure and suction sides of the vane. Since the leading 
edge of the vane first receives the hot combustion gases, it typically includes several rows of film cooling holes in a 
showerhead configuration. The air discharged from the film cooling holes produces a boundary layer of cooling air 

25 along the external surface of the vane which is re-energized with additional cooling air from row-to-row. The film cooling 
air provides a barrier protecting the metal of the vane from the hot combustion gases during operation. 
[0007] A typical vane airfoil increases in thickness aft of the leading edge to a maximum thickness typically within 
the first third of the chord length, and then tapers and narrows in thickness to a relatively thin trailing edge. As the vane 
thins near the trailing edge, the ability to cool the trailing edge region of the vane becomes more difficult. The trailing 

30 edge is thusly another region of the vane which experiences relatively high temperature during operation. 

[0008] The trailing edge is typically cooled by a row of trailing edge discharge holes which provide internal convection 
cooling thereof. And, one or more rows of additional film cooling holes may be provided along the pressure sidewall 
for protecting the pressure sidewall and developing a cooling air film which extends downstream to the trailing edge 
for the additional protection thereof. 

35 [0009] Furthermore, the suction sidewall may also include several rows of film cooling gill holes between the leading 
edge and the maximum thickness region which develop cooling air films for protecting the suction sidewall, and which 
flow to the trailing edge for the additional protection thereof. 

[001 0] Since the combustion gases flow with different velocities over the pressure and suction sidewalls of the vane, 
the various regions of the vane from leading to trailing edge are subject to different amounts of heating therefrom, and 
40 correspondingly require different amounts of cooling. Since any air diverted from the combustor for cooling the nozzle 
vanes decreases overall engine efficiency, the amount thereof should be minimized while obtaining a suitable useful 
life for the nozzle vanes. 

[0011] The varying heating effect of the combustion gases, and the varying cooling effect of the cooling air further 
complicate vane design since temperature gradients are created. Temperature gradients cause differential expansion 
45 and contraction of the vane material, which in turn causes thermally induced strain and stress which affects the low 
cycle fatigue life of the vane during operation. 

[0012] For example, partitions or ribs extend between the pressure and suction side of the vane to define corre- 
sponding cooling channels therein and are inherently relatively cold since they are protected inside the vane and cooled 
by the air channeled therealong. The ribs are relatively cold when compared with the relatively hot pressure and suction 
50 sidewalls of the vane, and a considerable temperature gradient is created therebetween. Furthermore, temperature 
gradients are also effected between the leading and trailing edges of the vane in different amounts along the pressure 
and suction sides. 

[001 3] Accordingly, the prior art is crowded with various configurations for cooling turbine nozzle vanes with different 
complexity and different degrees of effectiveness, and with different useful lives. 
55 [0014] For example, General Electric Company has manufactured and sold one turbofan aircraft gas turbine engine 
designated as the CF34 model which has enjoyed decades of commercial success and use. The high pressure turbine 
nozzle of this engine includes film cooled vanes having a significant useful life. Decades of commercial use of this 
engine has provided thousands of hours of field experience for evaluating durability and life of the turbine nozzles 
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therein. 

[0015] Such field experience in conjunction with extensive analysis of this nozzle design may now be used for im- 
proving the durability and life of the turbine nozzle without increasing the amount of cooling air required therefor. 
[0016] Accordingly, it is desired to provide an improved turbine nozzle based on extensive field experience and 

5 analysis having improved durability without requiring additional cooling airflow. 

[0017] According to a first aspect of the invention, there is provided a turbine nozzle comprising: a plurality of vanes 
integrally joined at opposite ends to inner and outer bands; each of the vanes including opposite pressure and suction 
sidewalls extending in span longitudinally between the bands and chordally between leading and trailing edges; the 
sidewalls being spaced apart between the leading and trailing edges, and further including a first rib spaced from the 

10 leading edge and integrally joined to the sidewalls to define a first channel for channeling cooling air, and a second rib 
spaced from the first rib and integrally joined to the sidewalls to define a second channel for channeling cooling air, 
and the second rib is spaced from the trailing edge to define a third channel for channeling cooling air; and a plurality 
of rows of film cooling flank holes extending through the pressure sidewall in flow communication with the second and 
third channels, and being inclined along the span at different slopes. 

15 [001 8] The second rib may be sloped, and a first one of the flank rows may have a slope generally equal thereto and 
joins the second channel. 

[001 9] A second one of theflank rows may have a slope smaller than the first row slope and may join the third channel. 
[0020] A third one of the flank rows may have a slope smaller than the second row slope and may join the third 
channel aft of the second flank row. 
20 [0021] The first and third row slopes may have an average slope, and the second row slope may be substantially 
equal to the average slope. 

[0022] The film cooling holes in the first, second, and third flank rows may have substantially equal diameters. 
[0023] Each of the vanes may further comprise a row of film cooling flank holes extending through the pressure 
sidewall in flow communication with the first channel and along the first rib. 
25 [0024] The first-rib flank row may be substantially parallel to the first rib, and the holes thereof may be substantially 
equal in diameter to the holes of the first, second, and third flank rows. 

[0025] Each of the vanes may further comprise a plurality of rows of film cooling holes arranged in a showerhead 
extending in span along the leading edge. 

[0026] The showerhead holes may nclude four rows spaced apart around the leading edge along both the pressure 
30 and suction sidewalls. 

[0027] The showerhead holes may be substantially equal in diameter with the flank holes. 

[0028] Each of the vanes may further comprise a plurality of rows of film cooling gill holes extending through the 

suction sidewall in flow communication with the first and second channels, and extending in span along the first rib. 

[0029] The gill rows may include four rows spaced chordally apart along the suction sidewall. 
35 [0030] The gill rows may include three rows joined to the first channel, and a single row joined to the second channel. 

[0031] The gill rows may include a first, upstream row having holes smaller in diameter than gill holes downstream 

therefrom. 

[0032] Each of the vanes may further comprise a row of trailing edge holes extending along the trailing edge, and 
joined to the third channel. 

40 [0033] According to a second aspect of the invention, there is provided a turbine nozzle vane comprising: pressure 
and suction sidewalls extending in span from root to tip, and in chord between leading and trailing edges; the sidewalls 
being spaced apart, and including an integral first rib spaced from the leading edge to define a first channel, and an 
integral second rib spaced from the first rib to define a second channel, and spaced from the trailing edge to define a 
third channel; and a plurality of rows of film cooling holes extending through the pressure and suction sidewalls in flow 

45 communication with the first, second, and third channels, and including three rows of flank holes in the pressure sidewall 
being inclined along the span at different slopes. 

[0034] The film holes may be arranged in different groups including: rows of gill holes extending through the suction 
sidewall in flow communication with the first and second channels, along the first rib; rows of showerhead holes spaced 
apart around the leading edge along both the pressure and suction sidewalls; and the three rows of flank holes joined 

so to the second and third channels. 

[0035] The vane may further comprise: three rows of the gill holes joined to the first channel upstream of the first rib, 
and a single fourth row of the gill holes joined to the second channel downstream from the first rib; four rows of the 
showerhead holes; and a fourth row of the flank holes extending through the pressure sidewall in flow communication 
with the first channel along the first rib. 

55 [0036] The vane may further comprise: a row of trailing edge holes extending along the trailing edge, and joined to 
the third channel; and a bank of longitudinally and chordally spaced apart pins extending integrally between the pressure 
and suction sidewalls inside the third channel. 

[0037] Thus, a turbine nozzle vane includes pressure and suction sidewalls extending between leading and trailing 
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edges. The vane includes a pair of integral ribs defining three internal cooling channels between the leading and trailing 
edges. Rows of film cooling holes extend through the sidewalls, and three rows in the pressure side are inclined along 
the span of the airfoil at different slopes. 

[0038] The invention will now be described in greater detail, by way of example, with reference to the drawings, in 
5 which:- 

Figure 1 is an isometric view of an arcuate segment of an annular gas turbine engine, high pressure turbine nozzle 
in accordance with an exemplary embodiment of the present invention. 

10 Figure 2 is a radial sectional view through one of the nozzle vanes illustrated in Figure 1 and taken along line 2-2. 

Figure 3 is an axial elevational view through the nozzle vane illustrated in Figure 1 and taken generally along the 
camber line 3-3. 

is [0039] Illustrated in Figure 1 is a portion of a first stage, high pressure turbine nozzle 14 of a turbofan gas turbine 
engine configured for powering an aircraft in flight. The engine includes in serial flow communication a fan, multi-stage 
compressor, and combustor (not shown) which mixes fuel with pressurized air from the compressor for generating hot 
combustion gases 16 which are discharged through the nozzle. 

[0040] Disposed downstream from the nozzle is a row of first stage turbine rotor blades (not shown), followed in turn 

20 by a low pressure turbine (not shown) which powers the fan during operation. 

[0041] The turbine nozzle shown in part in Figure 1 is axisymmetrical about an axial centerline axis and includes a 
plurality of nozzle vanes 18 integrally joined at opposite radial ends to corresponding radially inner and outer bands 
20,22. The bands are shown in part and are typically formed in arcuate segments having two or more vanes per 
segment. In order to cool the vanes during operation against the hot combustion gases 16, cooling air 24 is suitably 

25 diverted from the discharge end of the compressor and fed to the individual vanes typically through the outer band 22. 
[0042] As shown in Figures 1 and 2, each vane 1 8 includes a generally concave pressure sidewall 26, and a circum- 
ferentially opposite generally convex, suction sidewall 28. As shown in Figure 3, the two sidewalls extend longitudinally 
in span along a radial axis of the nozzle between the two bands 20,22, with a root 30 joining the former, and a tip 32 
joining the latter. The two sidewalls also extend chordally or axially between opposite leading and trailing edges 34,36. 

30 [0043] As shown in Figures 2 and 3, the two vane sidewalls are circumferentially spaced apart from each other 
between the leading and trailing edges and include internal ribs or partitions formed integrally therewith, typically in a 
common casting. A first rib 38 is spaced aft from the leading edge, and a second rib 40 is spaced aft from the first rib 
and forward of the trailing edge. 

[0044] The first rib defines with the leading edge region of the vane a first or leading edge chan nel 42 for channeling 
35 the cooling air 24 inside the vane. The second rib 40 is spaced from the first rib to define a second or mid-chord channel 
44 which also channels a portion of the cooling air. The second rib 40 is also spaced from the trailing edge to define 
a third or trailing edge channel 46 therebetween for channeling yet another portion of the cooling air during operation. 
The cooling air may be suitably provided to the three channels through corresponding inlets in the outer band 22 as 
shown in Figures 1 and 3. 

40 [0045] As initially shown in Figure 2, each vane 18 includes a plurality of rows of corresponding film cooling holes, 
designated 1 -13, extending through the pressure and suction sidewalls in flow communication with respective ones of 
the three channels 42,44,46 for providing improved film cooling in accordance with the present invention for decreasing 
vane temperature and thermal gradients for substantially increasing the durability and life of the nozzle vanes. The 
various film cooling holes extend generally in straight lines along the spans of the vanes in the radial direction. 

45 [0046] But for the improved pattern and configuration of the film holes 1-13 illustrated in Figures 1-3, the turbine 
nozzle illustrated therein is conventional and representative of the high pressure turbine nozzle found in the CF34 
engine identified above. As indicated above, extensive field experience of that engine has revealed localized thermal 
distress in the turbine nozzle due to the pattern and configuration of the existing film cooling holes therein. From this 
field experience and extensive analysis thereof, an improved pattern and configuration of the film holes has been 

so discovered as a substantial improvement over the existing nozzle design for improving the durability and life thereof 
about three fold. 

[0047] As illustrated in Figures 2 and 3, the first partition rib 38 extends radially outwardly from the inner band 20 
and stops short of the air inlet through the outer band 22. The first rib 38 is radially oriented without significant inclination 
or slope. 

55 [0048] The second partition rib 40 extends radially inwardly from the air inlets at the outer band 22 and stops short 
of the inner band 20. The second rib 40 is sloped at an inclination angle A relative to the radial axis, with the inner end 
of the rib being disposed further aft than the outer end of the rib. In this configuration, the first rib 38 separates the first 
and second air channels 42,44 which receive the cooling air 24 from a common inlet in the outer band. 
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[0049] The inside of the first channel 42 is preferably smooth for channeling the cooling air therethrough without 
obstruction. The inside of the second channel 44 is also preferably smooth except for a row of short, linear turbulators 
48, as shown in Figure 2, which trip the cooling air as it flows radially inwardly for enhancing the heat transfer cooling 
in this region of the pressure sidewall 26. 

5 [0050] The third channel 46 includes a bank of longitudinally and chordally spaced apart pins 50 extending integrally 
between the opposite pressure and suction sidewalls 26,28 for increasing the cooling effectiveness of the air along 
the tapering trailing edge region of the vane fed with cooling air by the third channel 46. 
[0051] The ribs 38,40 and channels 42-46 are the same as those found in the existing CF34 nozzle. 
[0052] The film holes in each vane 1 8 are arranged in different groups corresponding with the different cooling re- 

10 quirements of the airfoil-shaped pressure and suction sidewalls between the leading and trailing edges. A first group 
includes four rows of film cooling gill holes 1 ,2,3,12 extending through the suction sidewall 28 in flow communication 
with respective ones of the first and second channels 42,44. As shown in Figures 1 and 3, the four gill rows extend in 
straight lines along the span of the vane along the first rib 38. 

[0053] The four gill rows illustrated in Figure 2 are spaced apart chordally along the suction sidewall from just aft of 
15 the leading edge to the maximum thickness of the vane. A single gill row 1 is joined in flow communication to the second 
channel 44 just aft of the first rib 38 for receiving cooling air. And, three rows 2,3,12 are joined in flow communication 
to the first channel 42 upstream or forward of the first rib 38 for receiving cooling air from this channel. 
[0054] As shown in Figures 1 and 2, each vane also includes four rows of film cooling holes arranged in a showerhead 
extending in straight lines along the span of the vane at the leading edge 34. The four showerhead rows 4,5,6,7 are 
20 spaced laterally apart around the leading edge along both the pressure and suction sidewalls thereat. 

[0055] As shown in Figures 2 and 3, the film holes include another group of four rows of film cooling flank holes 
8,9,10,13 extending through the pressure sidewall 26 in flow communication with respective ones of the first, second, 
and third channels 42,44,46. 

[0056] The mid-chord row of flank holes 8 is joined in flow communication with the second channel 44 for receiving 
25 air therefrom. The two aft rows of flank holes 9,10 are joined in flow communication with the third channel 46 for 
receiving cooling air therefrom. And, the forward row of flank holes 13 is joined in flow communication with the first 
channel 42 for receiving cooling air therefrom. 

[0057] As shown in Figures 2 and 3, each vane also includes a row of trailing edge holes 11 extending along the 
trailing edge 36, and joined in flow communication with the third channel 46 for receiving cooling air therefrom. The 
30 trailing edge holes 11 extend axially between the opposite pressure and suction sides and have outlets spaced just 
forward of the trailing edge 36 for discharging a final film of cooling air therealong. 

[0058] As indicated above, due to the airfoil shape of the vanes, the vanes are subject to heating from the combustion 
gases which acts differently around the perimeter of the vane. Accordingly, the film cooling holes must be precisely 
configured and positioned for reducing undesirable temperature gradients during operation and minimizing the tern- 

35 perature of local hot spots for enhancing the durability of the vanes during operation. 

[0059] In particular, the three rows of flank holes 8,9,10 are preferably inclined along the span of each vane at different 
slopes or inclination angles B.C. The improved configuration of the three rows of flank holes 8,9,10 decreases the axial 
temperature gradient along the pressure sidewall to the trailing edge for increasing durability. 
[0060] As shown in Figure 3, the second rib 40 is sloped at the inclination angle A, and the mid-chord row of flank 

40 holes 8 joins the second channel 44 just upstream of the second rib and has a slope B preferably equal to the slope 
A of the second rib for discharging the cooling air in a film over the pressure sidewall along the second rib. 
[0061] Flank holes 8 cooperate with the downstream row of flank holes 9 which are radially aligned with a slope C 
which is smaller than the slope B of the upstream row of flank holes 8, and is also smaller than the slope A of the 
second rib 40. In Figure 3 the various rows of film cooling holes are radially aligned in generally straight lines indicated 

45 in phantom. 

[0062] The last downstream row of flank holes 1 0 has a slope which is smaller than the slope C of the intermediate 
row flank holes 9 and joins the third channel 46 directly aft of the intermediate flank holes 9. The slope of the last flank 
row 1 0 is preferably zero which indicates the longitudinal alignment thereof with a radial axis of the nozzle. 
[0063] Since the cold rib 40 illustrated in Figure 3 is sloped relative to the radial axis, as well as relative to the generally 

50 radially aligned trailing edge 36, it is desirable to vary the relative orientation or slopes of the three rows of flank holes 
8,9,10 to better distribute film cooling air to reduce the temperature gradients axially along the pressure side flank of 
the vane which is relatively hot compared with the relatively cold second rib 40. In a preferred embodiment, the slope 
C of the intermediate row of flank holes 9 is preferably the average value of the slopes of the next upstream row of 
flank holes 8 and the next downstream row of flank holes 10. 

55 [0064] In view of the sloping of the mid-chord row of flank holes 8, the fourth row of flank holes 1 3 is provided upstream 
therefrom in flow communication with the first channel 42 and along the first rib 38. The upstream row of flank holes 
13 is preferably substantially parallel to the first rib 38 and has a generally zero slope. 

[0065] The pattern and configuration of the thirteen rows of film cooling holes 1-13 illustrated in the figures may be 
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evaluated in comparison with the previous CF34 nozzle design showing thermal distress over years of commercial use 
in a large number of engines sold and operated during that time. 

[0066] The following table lists additional differences between the past CF34 design and the improved, upgraded 
design in accordance with a preferred embodiment of the present invention. Listed in the table by film hole row are the 
5 number of holes per row and their diameter in mils and millimeters. 



10 



20 



Film-Hole Row 


Past CF34 Design 


Upgrade Vane 1 8 


4 

1 


7< 


W 20 mils (0.51 mm) 


10 d 


2 20 mils 


O 


14 


@ 23 mils(0.58 mm) 


14 d 


U 23 mils 


3 




14® 23 mils 


14 € 


I 23 mils 


Id 




none 


15 @ 18 mils (0.46 mm) 


4 




13® 20 mils 


16 i 


I 18 mils 


5 




14 @ 20 mils 


15 C 


2 18 mils 


6 




14 @ 20 mils 


15 a 


2 18 mils 


7 




16 @ 20 mils 


16 i 


2 18 mils 


13 




none 


16 k 


2 18 mils 


8 


11 


@ 31.5 mils(0.8mm) 


16 d 


2 18 mils 


9 




10 @ 20 mils 


12 « 


2 1 8 mils 


10 


11 


@ 17 mils (0.43mm) 


11 i 


2 18 mils 


11 




slot holes 


no change 



[0067] As listed in the table, the fourth row of gill holes 12 has been added between the leading edge and the three 
25 downstream rows of gill holes 1 -3 to better cool and reduce temperature gradients on the vane suction side aft of the 
leading edge. 

[0068] The first, upstream row of gill holes 12 are smaller in diameter than the larger gill holes 1-3 downstream 
therefrom. The size and number of gill holes 2,3 are conventional, with the row of gill holes 3 being shifted forwardly 
toward the leading edge to better cooperate with the added row of gill holes 12. The aft row of gill holes 1 has been 

30 shifted slightly aft from the first rib in view of the improved cooling provided by the three upstream rows of gill holes. 
[0069] The number of gill holes 1 is increased slightly near the vane root for extending the film layer. This extension 
of the row of gill holes 1 to the root of the vane provides additional cooling to enhance the life of the vane trailing edge. 
By improving the durability of the trailing edge, engine performance deterioration will also be reduced. 
[0070] The diameter of the showerhead holes 4-7 has been decreased to reduce the amount of cooling air discharged 

35 therefrom, with the showerhead holes having substantially equal diameters with the four rows of flank holes 8-10,13. 
The showerhead holes 4-7 have a radially inward inclination angle D shown in Figure 3 which is about 20Dfor being 
substantially steeper than in the previous design having angles of about 45Q 

[0071] The modification of the showerhead holes 4-7 effects equivalent metal temperatures compared to the past 
design, while reducing cooling airflow therethrough. The reduced diameter of the showerhead holes and the steeper 

40 surface angle thereof enhances cooling effectiveness so that less cooling air is required therefor, with the cooling air 
being diverted to the other film holes. The other holes are correspondingly sized so that the total amount of cooling air 
required for all the film cooling rows in each vane is substantially the same as the previous design. 
[0072] As indicated in the table, the three rows of flank holes 8,9,1 0 have been substantially reduced in diameter for 
reducing cooling airflow therethrough which cooperates with the preferred slopes of these three rows. And, the forward 

45 row of flank holes 1 3 has been added to cooperate with the three downstream flank rows for reducing the temperature 
gradient along the airfoil pressure sidewall. 

[0073] The film cooling flank holes 8,9,10 are substantially reduced in diameter compared to the previous design, 
and are now substantially equal in diameter, and are also equal in diameter to the added row of flank holes 13. 
[0074] The four rows of flank holes 8-1 0,1 3 now cooperate with the pressure sidewall 26 and the relatively cold ribs 
so 38,40 and pins 50 to substantially reduce the temperature gradient along the pressure sidewall for enhancing vane 
durability. The forward and aft rows of flank holes 13,10 are generally aligned radially in the vane, whereas the inter- 
mediate rows of flank holes 8,9 are sloped to cooperate with the sloping second rib 40. 

[0075] The mid-chord row of flank holes 8 matches the slope of the second rib in the preferred embodiment, with 
the slope of the next downstream row of flank holes 9 having an average value between the upstream and downstream 
55 rows of flank holes. 

[0076] If desired, one or more additional rows of the film cooling flank holes may be added, and would preferably 
have intermediate slopes. For the three rows 8,9,10, the slope of the middle row is simply the average slope of the 
two adjoining rows. And, for four rows of flank holes (not shown) the slope of the second intermediate row would differ 
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from the first row by one third of the sum of the slopes of the two outer rows, with the third row also differing in slope 
from the fourth row by one third the value of the slope sum. 

[0077] The improved nozzle vane 18 enjoys enhance durability and life by the careful combination of film cooling 
holes made possible by extensive field experience and analysis. 

5 

Claims 

1 . A turbine nozzle (1 4) comprising: 

10 

a plurality of vanes (18) integrally joined at opposite ends to inner and outer bands (20, 22); 

each of said vanes including opposite pressure and suction sidewalls (26, 28) extending in span longitudinally 

between said bands and chordally between leading and trailing edges (34, 36); 

said sidewalls being spaced apart between said leading and trailing edges, and further including a first rib (38) 
is spaced from said leading edge and integrally joined to said sidewalls to define a first channel (42) for channeling 

cooling air (24), and a second rib (40) spaced from said first rib and integrally joined to said sidewalls to define 
a second channel (44) for channeling cooling air, and said second rib is spaced from said trailing edge to 
define a third channel (46) for channeling cooling air; and 

a plurality of rows of film cooling flank holes (8-10) extending through said pressure sidewall (26) in flow 
20 communication with said second and third channels, and being inclined along said span at different slopes. 

2. A nozzle according to claim 1 wherein said second rib (40) is sloped, and a first one of said flank rows (8) has a 
slope generally equal thereto and joins said second channel (44). 

25 3. A nozzle according to claim 2 wherein a second one of said flank rows (9) has a slope smaller than said first row 
slope and joins said third channel (46). 

4. A nozzle according to claim 3 wherein a third one of said flank rows (10) has a slope smaller than said second 
row slope and joins said third channel aft of said second flank row 9. 

30 

5. A nozzle according to claim 4 wherein said first and third row slopes have an average slope, and said second row 
slope is substantially equal to said average slope. 

6. A nozzle according to claim 4 wherein said film cooling holes in said first, second, and third flank rows have sub- 
35 stantially equal diameters. 

7. A turbine nozzle vane (1 8) comprising: 

pressure and suction sidewalls (26, 28) extending in span from root (30) to tip (32), and in chord between 
40 leading and trailing edges (34, 36); 

said sidewalls being spaced apart, and including an integral first rib (38) spaced from said leading edge to 
define a first channel (42), and an integral second rib (40) spaced from said first rib to define a second channel 
(44), and spaced from said trailing edge (36) to define a third channel (46); and 

a plurality of rows of film cooling holes extending through said pressure and suction sidewalls in flow commu- 
45 nication with said first, second, and third channels, and including three rows of flank holes (8-10) in said 

pressure sidewall being inclined along said span at different slopes. 

8. A vane according to claim 7 wherein said film holes are arranged in different groups including: 

so rows of gill holes (1-3,12) extending through said suction sidewall (28) in flow communication with said first 

and second channels (42,44), along said first rib (38); 

rows of showerhead holes (4-7) spaced apart around said leading edge along both said pressure and suction 
sidewalls (26,28); and 

said three rows of flank holes (8-1 0) being joined to said second and third channels (44,46). 

55 

9. A vane according to claim 8 further comprising: 

three rows of said gill holes (2, 3, 12) joined to said first channel (42) upstream of said first rib (38), and a 



EP1 108 856 A2 



single fourth row of said gill holes (1) joined to said second channel (44) downstream from said first rib (38); 
four rows of said showerhead holes (4-7); and 

a fourth row of said flank holes (13) extending through said pressure sidewall (26) in flow communication with 
said first channel (42) along said first rib (38). 

10. A vane according to claim 9 further comprising: 

a row of trailing edge holes (11) extending along said trailing edge (36), and joined to said third channel (46); and 
a bank of longitudinally and chordally spaced apart pins (50) extending integrally between said pressure and 
suction sidewalls (26, 28) inside said third channel (460). 
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